De-Deus G, Canabarro A. Strength of recommendation for single-visit root canal treatment: grading the body of the evidence using a patient-centred approach. International Endodontic Journal, 50, 251-259, 2017. Aim To identify, search for and critically interpret the results from clinical studies on single-versus multiplevisit root canal treatment in the light of an evidencebased paradigm. For that purpose, the quality of the available body of evidence was assessed using the SORT 'grade' -Strength of Recommendation Taxonomy. Methodology A protocol was followed including all aspects of the review methods: (i) search strategy, (ii) inclusion criteria for studies, (iii) screening methods, (iv) quality assessment, (v) data synthesis of the selected studies, and (vi) the assessment of quality of the body of evidence available by the means of the SORT 'grade'. An extensive search of recent biomedical literature was performed in PubMed (up to May, 2014), EMBASE (dating from 1980 to May 2014) and Cochrane databases with appropriate headings and keywords related to single-and multiple-visit root canal treatment. Selected studies were stratified according to their level of evidence using the SORT criteria: (i) quality -Level A high-quality evidence, Level B medium/low-quality evidence and Level C no evidence; (ii) degree of consistency -consistent, when most studies found a similar conclusion, or inconsistent, when there was considerable variation amongst study findings. Results After the digital and manual searches, 246 studies were indentified. Two hundred and seven studies were eliminated by exclusion criteria, resulting in a yield of 39 articles that were selected for retrieval. Of the 39 articles, only 11 could be classified as Level 2 (B); the other 28 articles did not obey the criteria to be considered as real patient-oriented evidence; thus, they were classified as Level 3 (C). No studies were ranked as Level 1 because they did not obey the minimum standard to be considered as both good-quality research and patient-oriented evidence. Despite this, all of the selected Level B studies reported no significant differences between single-and multiple-visit treatments. Conclusion There is B-level (mid-level) evidence to confirm there is no difference between the two different treatments, based on research addressing clinical outcomes and using some consistent but limited-quality methods of scientific investigation. More studies focused on evaluating patient-centred outcomes are urgently required.
Introduction
Endodontology is on a journey to become evidencebased mainstream science, but the specialty is still far behind other more developed biomedical areas. Nonetheless, the practice of endodontics is gradually becoming an evidence-based clinical discipline.
An evidence-based approach involves a formal process of identifying, searching for and interpreting the results from the best available scientific evidence on a given issue. Moreover, it is necessary to take into consideration the relationship between the expertise and judgment of the clinicians and the patient's preferences and values. This means that the clinician needs to be aware of how to develop an evidence-based rationale to shape the clinical decision-making process. This is why Sackett et al. (1996) stated 'Evidence-based medicine (EBM) is the process of integrating individual clinical expertise with the best available external clinical evidence from systematic research'. To make this intellectual-logical process work and be predictable, clinicians should be trained on how to appraise and rank the quality of the specific available body of evidence to support the clinical decision-making process to the highest possible standard. Furthermore, within the framework of the evidence-based philosophy, a consistent methodologicaltechnical approach is put into action to answer a well-designed, specific question generated by the uncertainty around a given clinical problem. From an endodontic perspective, it is worthwhile quoting a question that has interested clinicians and researchers for more than a century: Can the root canal treatment of teeth with nonvital pulps be reliably completed in a single visit? Or, stating the matter differently: Is calcium hydroxide as an interappointment dressing able to improve the outcome of root canal treatment of teeth with nonvital pulps?
The quest for a sound answer to this clinically relevant question has produced a considerable body of research comparing the outcome of teeth with nonvital pulps treated in a single visit versus multiple visits and using calcium hydroxide (CaOH 2 ) as the interappointment dressing. However, the fact is that, despite decades of passionate debate that draws from a considerable number of studies as its knowledge base, there is a lack of agreement on this issue. Therefore, the purpose of this study is to identify and appraise the results of clinical studies on single-versus multiple-visit root canal treatment in the light of an evidence-based paradigm. In fact, this study aimed to rate the quality of the available body of evidence on this subject, using a patient-centred approach to determine the strength of recommendation for singlevisit root canal treatment in teeth with nonvital pulps. For that purpose, the quality of the available body of evidence was assessed using the SORT grading system (Ebell et al. 2004) .
Review

Development of a protocol
A protocol was developed to include all aspects of the review methods: (i) search strategy, (ii) inclusion criteria for studies, (iii) screening methods, (iv) quality assessment, (v) data synthesis of the selected studies, and (vi) the quality assessment of the body of evidence available by means of the SORT grade (Ebell et al. 2004) .
Search methodology
Search strategy An extensive search of the biomedical literature was performed using PubMed (up to May 2014), EMBASE (dating from 1980 to May 2014) and Cochrane databases with appropriate headings and keywords related to single-and multiple-visit root canal treatment. Combinations of the following search terms were used: single, multiple, visit, appointment and endodontics.
To improve results, a manual search of the reference lists was conducted to identify any other related article. Moreover, the manual search was carried out for each issue of the following major endodontic journals (for the last 15 years): International Endodontic Journal, Journal of Endodontics, Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiology and Endodontology and Journal of Dentistry. The crossreferencing process continued until no new articles were identified.
Inclusion criteria
The following types of study were initially selected: systematic reviews, meta-analysis, randomized clinical trials, clinical trials, cohort studies, longitudinal studies, literature reviews, in vitro research, usual practice, clinical experience and case series studies.
Exclusion criteria
In the screening step, two experienced reviewers (DD and C) independently excluded the studies through a full-text evaluation assessment. All exclusions were based on the following criteria: (1) not full-length articles, (2) off-topic studies (e.g. no healing rate SORT for single-visit root canal treatment De-Deus & Canabarro reported), (3) duplicated studies, (4) teeth with vital pulps were included, (5) Ca(OH) 2 was not used in the multiple-visit group, (6) not only primary root canal treatments, (7) follow-up <12 months, (8) papers that were not in English and (9) unpublished studies.
Disagreements on study exclusion were resolved by discussion. The reasons for study rejection at the screening step were recorded.
Quality assessment
The following two parameters were used to determine the final quality and consistency of individual studies in the SORT: a) The level of evidence of each study (Fig. 1). b) The degree of consistent evidence across all selected studies.
Level of evidence a) Level 1 evidence -High-quality studies (low risk of bias): systematic review or meta-analysis with consistent findings; large, well-designed, randomized, controlled clinical trial (with a diverse patient population, adequate method of randomization, concealed allocation and blinding, intention-totreat analysis, power of study/large sample size and long-term follow-up >80%); and cohort studies for prognosis (prospective with follow-up >80%). b) Level 2 evidence -Medium-to low-quality studies (moderate-to-high risk of bias): systematic review or meta-analysis of medium-to low-quality studies with no consistent findings; randomized, controlled clinical trial (with unclear or inadequate method of randomization, concealed allocation and blinding, intention-to-treat analysis, sample size and followup); and cohort studies for prognosis (prospective with follow-up <80%). c) Level 3 evidence -Low-quality studies; studies based on disease-oriented evidence; studies based on opinion or literature review with no systematic technique, in vitro research, usual practice, clinical experience or case series studies. Degree of consistent evidence across all the selected studies In this phase of the SORT system, the consistency of evidence across the selected studies must be assessed, where 'consistency' means the degree of agreement amongst the findings provided by the selected studies (Table 1) . Thus, the strength of the recommendation is graded either A, B or C and consistent or inconsistent, using the criteria described above.
Results
Data synthesis of the selected studies
The systematic search protocol identified 235 studies. Eleven additional articles were identified through a manual search. Thus, 246 studies were identified following the digital and manual searches. After the first screening step, 207 studies were eliminated, thereby resulting in a yield of 39 articles selected for retrieval. The search summary is illustrated in Table 2 .
Determination of the strength of recommendation (SORT)
In the present protocol, the 39 selected studies were individually graded using the SORT specific algorithm proposed by Ebell et al. (2004) . The SORT grade was used to determine the strength of a recommendation for a given clinical practice (Ebell et al. 2004) . SORT is a classification system based on a selected body of evidence (usually more than one study) and takes into consideration the level of evidence of each individual study, the number, consistency, and coherence but, mainly, the type of outcome measure (patientoriented or disease-oriented outcome). Moreover, the relationship between benefits, harms and cost is considered. Overall, SORT applies to clinical recommendations regarding diagnosis, treatment, prevention or screening (Ebell et al. 2004) .
Of the 39 articles, only 11 could be classified as Level 2 (grade B); the other 28 articles did not obey the criteria to be considered as real patient-oriented evidence; thus, they were classified as Level 3 (grade C). No studies were ranked as Level 1 because they did not obey the minimum standard to be considered as both good-quality research and patient-oriented evidence; this is further addressed in the discussion section.
The studies and reasons for classification as Level 3 are showed in Table 3 .
Determining the levels of evidence of each individual study In the SORT system, the levels of evidence of each individual study should be the first step in determining the strength of recommendation grade based on a body of evidence.
In the issue studied herein, the selected body of evidence is composed of 11 studies, which present clear consistency (100%) amongst their results. No studies reported a significant difference in the healing rate between treatments carried out over single or multiple visits. However, the selected body of evidence also presents clear limitations, which compromise the final quality. As a consequence, the strength of recommendation for single-visit root canal treatment was determined as B-level as the body of evidence showed consistent results, but overall comprised limited-quality patient-oriented evidence. Thus, the final strength 
Discussion
Although it often sounds like an outdated issue, the real effect of interappointment CaOH 2 dressings in the outcome of root canal treatments of teeth with nonvital pulps is an ongoing, controversial issue. Despite the passionate way that most authors defend the use of CaOH 2 , some studies revealed that it has limited effectiveness in eliminating bacteria from the root canal human teeth when assessed by culture techniques (Sathorn et al. 2007 ) and does not eliminate the entire spectrum of microorganisms (de Souza et al. 2005) . Therefore, it is a critical step to rationalize and prioritize evidence when comparing the singleand multiple-visit treatment modes to drive and make feasible evidence-based decision-making for day-to-day practice. The core purpose of the present study was to determine the strength of recommendation for the single-visit root canal treatment based on the SORT grade. By definition, the strength of recommendation of a given treatment 'indicates the extent to which one can be confident that the desirable effects of an intervention outweigh the undesirable effects' (Guyatt et al. 2008) . The use of a system for grading the quality of evidence and the strength of recommendations is urgently needed due to the great heterogeneity of the quality and type of evidence pertaining to many dental procedures (Faggion 2010 ).
The present study identified the currently available body of evidence for single-and multiple-visit root canal treatment in a systematic fashion and then assimilated information through an in-depth, explicit critical review of the best-designed studies using the SORT system (Ebell et al. 2004 ). Several taxonomies have been proposed for rating the quality of single studies, but SORT has the critical advantage of being able to simplify the language of evidence with the simple purpose of improving patient care (Ebell et al. 2004 , Newman et al. 2007 . SORT is undeniably a user-friendly grade system, because there are no complex variables to be considered that determine the strength of a recommendation of a given treatment option (Faggion 2010) . In evidence-based times, it is critical to bear in mind that adherence to a wellestablished scientific protocol is what discriminates a high-level specialist from the general practitioner. However, unquestionably, implementing evidencebased approaches into the real-life dentistry has several inherent challenges, mainly in terms of educating and training the clinician in evidence-based language. Within this framework, the simplicity of SORT's grading system is a welcome feature and can be regarded as a consequence of the major dichotomization proposed by the system into disease-oriented or patientoriented evidence (Ebell et al. 2004 , Faggion 2010 . In other words, SORT aims to go from evidence to clinical recommendation through the use of a streamlined rating system. It is worthwhile highlighting that POEMs (patient-oriented evidence that matters) allow clinicians to filter relevant information from the Studies ranked as Level 2 (B) and the types, methods, and outcomes assessed and the main result (Ebell et al. 2004 , Faggion 2010 ). The present review study graded the strength of recommendation for single-visit root canal treatment as B-level, according to the SORT system (Ebell et al. 2004) . This means that the strongest currently available evidence confirms that there are no differences in the healing rate achieved by the root canal treatment of teeth with nonvital pulps performed in single or multivisits.
The SORT B-level is a satisfactory grade when considering that endodontics is a maturing scientific discipline. SORT B-level means that the evidence gathered is not merely based on expert opinion, laboratory studies, usual practice, clinical experience, single-case or case series reports; SORT B-level indicates that the body of the best currently available evidence has a minimum scientific standard to clearly determine a clinical recommendation. Therefore, singlevisit root canal treatment can be considered as a feasible and reliable clinical treatment option, based on the rating model proposed by the SORT system.
The primary outcome assessed in all 11 studies used to determine the strength of recommendation treatment outcome was radiographic healing plus absence of clinical symptoms. SORT is built around the information mastery framework used to rank the quality of a given body of evidence on a clinically relevant subject matter, and critically, it takes into consideration the type of outcome measure. SORT emphasizes the use of patient-oriented outcomes that measure direct changes in the so-called true endpoints, which are those end-points that indicate outcome aspects that really matter to the patients, for instance: (i) aesthetics, (ii) quality of life, (iii) pain relief, and (iv) cost reduction, thus providing patientoriented evidence. Overall, definitions of successful root canal treatments are not universally shared. The selected outcomes studies cannot be considered true patient-oriented evidence; however, from a practical standpoint, successful treatment of teeth with nonvital pulps can be directly related to pain relief and, thus indirectly, to quality of life. This is in line with Su et al. (2011) who recently stated, 'The adoption of clinical procedures in endodontic therapy depends not merely on their efficacy or biological consequences but also on minimization of patients' discomfort'. Furthermore, the assessment of the single-visit root canal treatment issue, for instance, yields an overall reduction in treatment cost. Nonetheless, there is no doubt regarding the lack of studies specifically designed to provide patient-oriented end-points. Therefore, this scenario makes room for improvements in the design of further randomized clinical trials (RCTs), which should not only be centred on investigating the healing rate between the two endodontic treatment modes; instead, RCTs must also include outcomes that really matter to patients such as pain relief, overall quality of life and cost-benefit estimation.
The levels of evidence used by the SORT grade to rank individual studies vary from 1 to 3 according to three parameters established by the Agency for Healthcare Research and Quality (AHRQ, 2002) : (a) quality, (b) quantity and (c) consistency.
Of the 11 studies, which comprised the selected body of evidence, seven were clinical trials and four were meta-analyses. The overall quality of the clinical trials was considered low to medium which can be regarded as a consequence of the limitations in controlling bias as well as internal validity of the trials. The internal validity of a RCT is strongly related to reporting of adequate methods for random allocation, double blinding, patient follow-up and allocation concealment (Moher et al. 1995 , Schultz et al. 1995 . Moreover, the included RCTs have inconsistencies or limitations in their design, outcome measures and allocation concealment. It is worthy of note that none of the RCTs, ranked as Level 2 in the current study, have reported the rationale for sample size. In general, the included RTCs also lack power of analysis and sample size estimation. Consequently, there is a need for improvement in the specific technical design of future RCTs. Possibly, larger sample sizes will be needed to draw more meaningful conclusions for RCTs. It should also be stated that there is a real likelihood that some aspect of the RCTs ranked as limited quality could in fact be high-quality evidence. Nonetheless, it was not possible to appraise this aspect due to the critical lack of reported information in some of the included studies. This point restates the crucial role of adequate reporting of the methodology in RCT and the importance of following the CON-SORT model.
Quantity is the second key element used in body of evidence classification and is related to the total number of studies and subjects included in those studies in a given subject matter. It is apparent that the lack of power from only seven RCTs and this aspect occurs again in the reduced number of studies included in the systematic reviews on that topic. Consistency is related to the degree of agreement amongst the findings provided by different studies on a given issue and represents a very important parameter as it will determine the choice between grades A and B. In the present case, of the 11 studies, only one RCT tends to favour treatments performed in multiple visits (Trope et al. 1999) . The results from the other 10 selected studies reported no significant differences when comparing singleand multiple-visit treatments. This means that 90.91% of the included clinical studies reached coherent conclusions, which underscores the lack of significant difference between single-and multiplevisit root canal treatments. Moreover, the results from the included meta-analyses are in agreement and they also show no better healing rates for a given treatment mode over another.
Conclusions
There is a B-level (mid-level) evidence showing no difference between the 2 different treatment modes, based on research addressing clinical outcomes and using some consistent, but limited-quality, scientific investigation methods. More studies focused on evaluating patient-centred outcomes are urgently required.
